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1.　Introduction
The means of garbage disposal are classi-
fied into several categories : 1）physical dis-
posal（incineration, drying, refrigeration and 
grinding）, 2）chemical disposal1）（ozonolysis 
and deodorization）, and 3）biological disposal
（liquid fermentation and solid fermentation）.　
In this research, we focus on the use of a com-
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In today’s society, the use of composting devices is becoming common.　However, some problems 
such as malodor emission, the exhaust of fine particles and infection occurring from close contact 
with a large number of bacteria and fungi are not to be ignored.　The scattering of fine particles 
and bacteria from composting devices was identified in this study as the compost was stirred in the 
device and also during ventilation, which confirms that the operation of the device indoors should 
be avoided.　To control malodor emission from composting devices, buffering with potassium hydrogen 
phosphate was found to be effective ; the same result was confirmed even with a traditional composter.
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posting device, a biological disposal device.2）3）　
Some problems related to its placement indoors 
were examined, and an effective preventive 
measure against the emission of malodorous 
compounds was developed by controlling the 
pH of the mixture in the device.4）
2.　Materials and Methods
The experiment was carried out for three 
months.　 1 kg of sample kitchen scraps 5） 
shown in Table 16）7） was added to the mixture 
in the device each day.　The progress in com-
posting was evaluated depending on the weight 
reduction rate, decomposition rate of organic 
compounds, and the level of malodor during 
and after the disposal process.　Moreover, the 
pH of the mixture in the container was 
controlled by buffering with potassium 
hydrogen phosphate and phthalates.　A gas 
chromatograph equipped with a frame pho-
tometric detector（GC（FPD））or a mass 
spectrometer（GC/MS）were used8） for the 
measurement of the composition of headspace 
gas in the compost.　A digital dust meter was 
used to measure fine particles in the container 
and bacteria were cultivated on standardized 
agar.
3.　Results and Discussion
The emission of malodor and the exhaust 
of fine particles with microorganisms such as 
bacteria and fungi are major problems in the 
operation of composting devices indoors.9）　Par-
ticularly, allergic reactions due to fine particles 
and infection occurring from close contact with 
a large number of bacteria and fungi are consid-
ered to be hazardous to human health.　In this 
experiment, the scattering of fine particles and 
bacteria from a composting device was identi-
fied as the compost in the device was stirred and 
also during ventilation（Figs. 1 and 2）.　As 
the fine particles exhausted from the airway 
was analyzed, the number of bacteria was no-
ticeably higher when the device was in the roll-
ing mode than when it was being ventilated, 
as shown in Figure 1.　Moreover, as a result of 
analysis, the number of fungi exhausted from 
the device was observed to be high not only 
in the rolling mode but also during ventilation, 
owing to the capability of fungi to be suspended 
in air（Fig. 2）.　As the composting device oper-
ated（aerobic condition）, high concentrations 
of ammonia, amine and methyl mercaptan 
were observed（Table 2）.　On the other hand, 
when the devices are not in operation（anaero-
bic condition）, the concentrations of sulfur-con-
taining compounds were considerably high 
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compared with those of nitrogen-containing 
compounds.　Although the concentration of 
trimethylamine is numerically low value, it has 
a low odor threshold value of 0.032 ppb, which 
implies that even a gas concentration of 0.57　
ppm markedly contributes to the emission of 
malodor.　 Since ammonia, trimethylamine, 
n-propylamine and methyl mercaptan are ma-
jor malodorous compounds, operation of the 
composting device under aerobic condition and 
controlling nitrogen- containing compounds 
could lower the level of malodor emitted from 
the device during operation.
Figure 3 shows the mechanism of how ni-
trogenous compounds（ammonia and amines）
are emitted in the process of composting 
kitchen scraps.10）　First, protein contained in 
the garbage is decomposed and amino acids are 
produced.　 As the decomposition proceeds, 
amines and ammonia generate malodor.　Am-
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Fig. 1　Changes in the number of bacteria during operation
Fig. 2　Changes in the number of fungi during operation
monia and amine are either assimilated by mi-
croorganisms（assimilation）or transformed 
to nitrite acid and then to nitric acid（ca-
tabolism）, anaerobically decomposed into ni-
trogen（denitrification）and diffused in the 
air.　Since the addition of buffering solution 
prevents ammonia from volatilizing, ammonia 
remains in the garbage in ammonium form, 
which results in the control of malodor 
emission.
From the above experiment, it was found 
that the addition of a buffering solution does 
not interfere with the composting processes 
or mechanisms such as assimilation, ca-
tabolism, and denitrification but only controls 
the diffusion of malodorous compounds from 
garbage.　The concentration of nitrogen-con-
taining compounds is low, as shown in Table 
2, possibly because they undergo denitrification 
under anaerobic condition.
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0.00012 ppm2.0 ppmn-Propyl amine
0.000062 ppmN.D*iso-Propyl amine
0.00042 ppmN.D*iso-Butyl amine
320 ppb14.0 ppbHydrogen sulfide
Sulfur-containing
compounds
740 ppb63.2 ppbMethyl mercaptan
770 ppb15.0 ppbMethyl sulfide
2370 ppb2.6 ppbMethyl disulfide
*Not detected
Fig. 3　Generation mechanisms of ammonia and amines in composting process of garbage
Considering that malodor emission from 
kitchen scraps results mainly from the degrada-
tion of protein contained in food, there may 
be a correlation between the amount protein 
and the amount of ammonia emitted.　Further-
more, ammonia gas in the composting device 
is in equilibrium between ammonium and am-
monia and the ratio of their concentration 
depends highly on the pH of the mixture in 
the container.　In particular, an increase in 
pH causes the concentration of ammonia to 
increase ; hence, the amount of ammonia gas 
diffused into the headspace increases, which 
leads to malodor emission.（Fig. 4A）
In the above experiment, although 
phthalate showed no effect after 10 days（Fig. 
4B）, buffering with potassium hydrogen phos-
phate was effective for controling pH of the 
mixture  in the container between 6.7 and 7.5 
during the composting process, and ammonia 
emission was well controlled, as shown in Fig-
ure 4C.　As for the performance of the com-
posting device（weight reduction rate and 
decomposition rate of organic compounds）
long periods of observation and evaluation were 
performed as well and there was no difference 
in the performance between the composts with 
and without the buffer solution（potassium 
hydrogen phosphate）.　Moreover, even over 
the three-month period of experiment and ob-
servation, the addition of buffer solution was 
effective in controlling ammonia emission, and 
the malodor and discomfort level were reduced 
compared with those in the compost without 
buffer solution.　 The same result was con-
firmed in the experiment performed with a tra-
ditional composter, which proves that 
buffering with potassium hydrogen phosphate 
is highly effective in preventing malodor emis-
sion from composting kitchen scraps.
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Fig. 4　Relation between pH control of compost and diffusion of ammonia gas
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